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ABSTRACT 
           
           The objectives of this study were to determine the Enterobacterial 
load in mutton  and to identify the type of enterobacteria causing 
contamination. Sixty sheep carcasses in a Slaughter house at Khartoum state 
were randomly chosen for this study, and samples were collected during the 
beriod 17/1/2010 – 15/4/2010 .  Samples of 12cm2  were asptically dissected 
from the neck regon and transferred immediately in an ice box to 
microbiology laboratory . Each sample was tested for viable Enterobacteria. 
Members of Enterobacteria were identified to the species level. 
             Viable Enterobacteria counts in samples of mutton  ranged between 
8.3 ×10 CFU/Cm2 and 3.7×104 CFU/Cm2 using the average method. When 
farmilaae method was used, the count ranged between 3.7 CFU/Cm2 and 
4.3×103CFU/Cm2  
             Ten (16.6%) isolates from the total samples were identified, based 
on their morphology and biochemical characters. Bacterial isolates were 
Klebsiella aerogens which counted for 13.3% of the isolates and 
Enterobacter erogens was confirmed in 3.3% sample. 
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  اﻻﻃﺮوﺣﺔﻣﻠﺨﺺ    
    
  ﺮﻳﺎ اﻟﻤﻌﻮﻳﺔ اﻟﺤﻴﺔ ﻓﻲ ﻟﺤﻮمﻴﻋﺪدﻳﺔ اﻟﺒﻜﺘ هﺪﻓﻨﺎ ﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ هﻮ  ﺗﺤﺪﻳﺪ
ﻋﻴﻨﺎت  ﺟﻤﻌﺖ. اﻟﻤﻌﻮﻳﺔ اﻟﻤﺴﺒﺒﺔ ﻟﻠﺘﻠﻮث  ﺮﻳﺎﻴوﺗﺤﺪﻳﺪ ﻧﻮﻋﻴﺔ اﻟﺒﻜﺘ, اﻟﻀﺎن 
ﻣﺴﻠﺦ ﺑﻮﻻﻳﺔ اﻟﺨﺮﻃﻮم ﻓﻲ اﻟﻔﺘﺮة    أﺧﺘﻴﺮت ﻋﺸﻮاﺋﻴًﺎ ﻣﻦ ذﺑﻴﺤﺔ ﺿﺎن ٠٦ﻣﻦ
ﻣﻦ ﻣﻨﻄﻘﺔ اﻟﻌﻨﻖ ﺑﻄﺮﻳﻘﺔ اﻟﻌﻴﻨﺎت  أﺧﺬت. م 0102/4/51_ 0102/1/71
                           .وارﺳﻠﺖ ﻓﻮرا اﻟﻰ ﻣﻌﻤﻞ اﻻﺣﻴﺎء اﻟﺪﻗﻴﻘﺔ  2ﺳﻢ21 ﺻﺤﻴﺔ ﻣﺴﺎﺣﺔ آﻼ ﻣﻨﻬﺎ
               .                           اﻟﻤﻌﻮﻳﺔ ﺮﻳﺎﻴاﻟﺒﻜﺘ ﻧﻮﻋﻴﺔ آﻞ ﻋﻴﻨﺔ  ﻹﺣﺼﺎء  وﺗﻌﻴﻴﻦ أﺧﺘﺒﺮت
ﺮﻳﺎ اﻟﻤﻌﻮﻳﺔ ﻓﻰ ﻋﻴﻨﺎت ﻟﺤﻮم اﻟﻀﺎن ﺑﺎﺳﺘﺨﺪام ﻴوﺟﺪ ان اﻟﻌﺪد اﻟﻜﻠﻲ اﻟﺤﻲ ﻟﻠﺒﻜﺘ
وﺣﺪة ﻣﻜﻮﻧﺔ ﻟﻤﺴﺘﻌﻤﺮة ﺑﺎآﺘﻴﺮﻳﺔ ﻟﻜﻞ  01×3.8ﻃﺮﻳﻘﺔ اﻟﻤﺘﻮﺳﻂ ﺗﺘﺮاوح ﻣﻦ 
وﻋﻨﺪ اﺳﺘﺨﺪام  2وﺣﺪة ﻣﻜﻮﻧﺔ ﻟﻤﺴﺘﻌﻤﺮة ﺑﺎآﺘﻴﺮﻳﺔ ﻟﻜﻞ ﺳﻢ 401×7.3اﻟﻲ   2ﺳﻢ
.  2وﺣﺪة ﻣﻜﻮﻧﺔ ﻟﻤﺴﺘﻌﻤﺮة ﺑﺎآﺘﻴﺮﻳﺔ ﻟﻜﻞ ﺳﻢ 7.3ﻃﺮﻳﻘﺔ اﻟﻔﺎرﻣﻠﻲ ﺗﺘﺮاوح ﻣﻦ 
  .2وﺣﺪة ﻣﻜﻮﻧﺔ ﻟﻤﺴﺘﻌﻤﺮة ﺑﺎآﺘﻴﺮﻳﺔ ﻟﻜﻞ ﺳﻢ 301×3.4اﻟﻲ 
ﻋﻴﻨﺔ  ﻣﻦ ﻣﺠﻤﻞ اﻟﻌﻴﻨﺎت ﻋﺰﻟﺖ وﺣﺪدت ﺑﻨﺎءًا ﻋﻠﻲ %( 6.61) ﺣﻮاﻟﻲ ﻋﺸﺮة  
                                                                       . ﺧﺼﺎﺋﺼﻬﺎ اﻟﻜﻴﻤﻮﺣﻴﻮﻳﺔ 
      واﻟﺘﻲ وﺟﺪت  ﻓﻲ   snegorea alleisbelKﺮﻳﺎ  اﻟﺘﻲ ﺗﻢ ﻋﺰﻟﻬﺎ هﻲ ﻴاﻟﺒﻜﺘ
ﻣﻦ % 3.3اﻟﺘﻲ ﺗﻢ ﺗﺄآﻴﺪهﺎ ﻓﻲ snegore retcaboretnE و, ﻋﻴﻨﺎت %3.31
  .اﻟﻌﻴﻨﺎت
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INTRODUCTION 
 
            Meat is the most important source of food proteins to the people 
of the Sudan. Because of its high consumption rate, every effort should 
be made to provide clean and safe meat to the consumers. Fresh mutton is 
consumed by most Sudanese and it is subjected to contamination at                               
various stages of production.   
 Quality control includes the suitability of facilities, control of    
suppliers, safety and maintenance of production equipment, cleaning and 
sanitation of equipment and facilities, personal hygiene of employees, 
control of chemicals, and the likes (Jay, 2000).                                                         
             Food safety is important for consumers, food producers and 
inspection authorities for numerous reasons, including consumer 
protection, producers risk and international trade (Van Gerwen et 
al.2000).                    
            Meat is considered as a highly perishable commodity with 
appreciable nutritious value, therefore, it must be of high quality, healthy 
and suitable for human consumption.                                              
 To achieve this, there are many regulations that must be kept in the meat 
processing lines, beginning from the slaughter house, till the meat 
reaches local markets and hence the consumers’ home.                               
The processing of any raw material to yield products of consistently high 
and uniform quality can only be achieved if adequate control over the 
raw material is possible and practical, and capable of being maintained 
(Herschdoerfer, 1968).                                                                       
           The most important quality characteristics desired in the raw 
material are tenderness, juiciness, and color. Unfortunately, there are 
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many factors which influence those aspects of quality they include 
animal species, breed, age, sex, management, and nutrition on which the 
animal was reared. In spite of these controls and hygiene measures to 
provide meat which is safe and healthy for human consumption, spoilage 
microorganisms grow quickly on it (Silliker et al., 1980 and Horrigan et 
al 1998). Bacterial contamination by live bacteria or bacterial toxins is 
the most important and frequent type of food poisoning (Gracey, 1985). 
            The main organisms responsible for food poisoning  are 
Salmonella sonnei and Escherichia coli .Many other bacteria 
occasionally cause outbreaks  of food  poisoning, including  Proteus,  
Yersinia enterocolitica ,Shigella flexneria and S. sonnei (Gracey, 1985). 
             Quality control of meat depends not only on the resolution of all 
those problems associated with growth, nutrition, conformation, 
slaughtering, and cooling but also on meat hygiene. The objective of 
meat hygiene is to provide wholesome meat and products which don’t 
constitute a danger to public health (Hershdoerfer, 1968).                        
 Objectives:                                                                                                                                
             The objectives of this investigation were to determine the 
Enterobacteria load in mutton after slaughtering in Alkadaro Slaughter 
house and identification of the different species of enterobacteria causing 
contamination. 
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CHAPTER ONE 
1- LITERATURE REVIEW 
 
               It is generally agreed that internal tissue of healthy slaughtered 
animals are free from bacteria at the time of slaughter, provided that the 
animal was not in state of exhaustion , when slaughtered , (Jay, 2000) . 
1. Sources of contamination:  
            Haines, (1933) and Empey and Scott, (1939) found that sources of 
bacterial contamination of meat are hides,hooves soil adhering to the 
hide, intestinal contents, air, water supply, knives, cleavers, saws, hooks 
floors and workers. 
          Any contaminating bacteria on the knife would soon be found on 
meat in various parts of carcass as it is carried by the blood 
(Frazier,1967). 
            The contamination of carcasses come from different sources 
including environment and equipment with which meat comes in contact 
during slaughtering and processing, but hides remain as an important 
source of contamination. 
           Gracey (1980) reported that the animals digestive tract was 
claimed to carry dangerous load of bacteria. 
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1.1: The type of microorganisms, which cause contamination 
of meat: 
           The significance of bacteria in meat was recognized during the Era 
of Pasteur (1880), It was then evident that meat favors multiplication of 
many kinds of bacteria which may reach it form various sources. 
            Frazier (1967) found that meat was an ideal environment and 
culture medium for the growth of bacteria especially when it is minced. 
            Klebsilla has been implicated in cases of acute gastroenteritis due 
to consumption of contaminated raw foods (Barley, 2002).  
Salih (1971), Isolated  salmonella from ovine and bovine offals. 
          Hussein (1971), Isolated from fresh meat samples Escherichia coli, 
proteus. 
          Gracey (1980) stated that the main types of bacteria involved in 
meat spoilage are, Moraxella , Escherichia coli  and klebsiella. 
          Fatima (1982), isolated salmonella spp, E coli from processed 
meat. Brahmbhatt and Anjaria (1993) isolated similar bacteria from meat 
obtained from shops. They isolated E.coli, Enterobacter aerogenes,  
proteus mirabilis,  proteus vulgaris and Klebsiella poneumoniae . 
         Gracy (1999) describing a study in North Ireland that showed a 
wide rang of  Enterobacteriaceae Isolated  from all areia of the slaughter 
house they were Aeromonas, Vibrio , Cetrobacter, Hafnia, Serratia, 
Klebsiella like organism, Yersinia enterocolitica like bacteria and 
Salmonella Dublin.  
         According to Ajit et al (1990) Salmonella was isolated from lymph 
nodes of slaughtered sheep. The isolates from muscles included 
Escherichia coli, Proteus, Klebsiella and Citrobacter .  
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          Intisar (1998) recognized Enterobacteria from Omdurman slaugher 
house and Khartoum north retail markets. Amanie (2000) Isolated E.coli 
from meat at different stages of processing. 
       Abdalla (1993) Isolated E.coli, Shigella desenteriae, Shigella 
flexneri, Salmonella enteritidis, S.gallinarum , S .victoria, Enterobacter 
cloacae, Proteus vulgaria and Morganella morganii from liver and 
carcasses of poultry. Coliforms and  E.coli are  important as 
contamination indicators for meat and poultry products (Tompkin,1983). 
           Mahgoub (1986) carried out the first investigation of E.coli in the 
domestic fowl in Sudan which was done from heart, liver, lungs , 
oviduct, spleen  and air sac. 
           Raji (2006) showed the bacteriological quality of dried sliced beef 
obtained from three selling points . In this study the total 
enterobacteriaceae count ranged from 2.6×104 to 2.90×104cfu/g. 
           Yaday et al. (2006) showed the bacterial load in ready to sale 
sheep meat. In this study the total coliform count and total E coli count 
was 4.11 log10cfu/g¯¹ and 3.03 log10 cfu/g¯¹, respectively. 
            Saikia and Joshi.(2010) studied different portions of chicken raw 
meat samples from the local meat markets of North East India. They 
isolated Enterobacter erogense , Klebsiella pneumonia, E coli, Klebsiella 
oxytoca , Salmonella typhi , Shigella dysenteriae  and Proteus spp .  
            Tayakoli and  Riazipour.(2008),  showed that the total coliform 
counts in grilled ground meat samples were 1.98×10²cfu/g and twenty 
one (38.9%) out of 54 examined samples of grilled ground meat had E 
coli contamination. 
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1.2: Factors which influence bacterial growth: 
             Several factors influence both the type of growth and the rate of 
growth. These are: type of meat product, temperature, availability of 
moisture, and composition of the surrounding atmosphere. 
1.3: Extent of contamination: 
            The pre-slaughter treatment of the animals can significantly affect 
the numbers of some organisms. Brownlie and Grau (1967), Grau, 
Brownlie and Smith (1969) and Grau and Smith, (1974) have shown that 
the incidence and numbers of salmonella in the intestinal tract and voided 
in the faeces are greatly influenced by the time between leaving the farm 
and slaughter, and the treatment the animals receive during transport and 
handling. For example, if food from cattle or sheep is withheld for 48 
hours, and then re-fed, the animals become very susceptible to intestinal 
infection by salmonella.  
           The number of viable cells in the faeces may, on occasion  exceed 
108/g. Holding animals in contaminated yards at abattoirs results in rapid 
contamination of hides and fleece, and subsequent contamination of 
carcasses upon slaughter. It is preferable to truck the animals directly 
from the farm to the abattoir, and slaughter as soon as practicable, ideally 
within 24 hours. Certain dressing operations are likely to lead to some 
areas of the carcass being more heavily contaminated than others, and the 
contamination can be related to specific actions, particularly during 
flaying when hands and knives alternately contact the hide or fleece and 
meat surfaces (Nottingham et al, 1974). It is often possible to locate 
major sources of contamination, i.e. particular stages of dressing, or 
boning by careful visual appraisal.                            
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             Regular microbiological testing of meat surfaces and of the 
various work surfaces and equipment coming into contact with meat can 
also play an important role in detecting those stages in the processing 
which are contributing to the contamination.    
           Evisceration is a major factor of potential contamination. With 
care, evisceration can be carried out without contamination of the 
carcass, but if the intestinal tract is breached during evisceration, the 
carcass can become heavily contaminated. 
           Of particular significance is that if contamination of the meat 
surface with viscera occurs there is a real likelihood that many of 
contaminating bacteria will be capable of causing food poisoning 
(Saikia and Joshi , 2010). 
1.4: Introduction to the Family Enterobacteriaceae 
           Enterobacteriaceae are Gram-negative, oxidase-negative, rod-
shaped bacteria, 0.3-1.0 x 1.0-6.0 um.Typically, they are motile by 
peritrichous flagella. They are facultative anaerobes, being 
chemoorganotrophs that exhibit both respiratory and fermentative 
metabolism. Most grow well between 22 and 35°C on media containing 
peptone or beef extract. They also grow on MacConkey's agar which may 
be used for their selective isolation. Most grow on citrate as a sole carbon 
source, although some require vitamins and/or amino acids for growth. 
They produce mixed acids and often gas from fermentation of sugars. 
With very few exceptions they are catalase-positive, and most strains 
reduce nitrate to nitrite. 
              Escherichia coli is the type species. E. coli is considered the 
most thoroughly studied of all species of bacteria, and the family 
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Enterobacteriaceae, as a whole, is the best studied group of 
microorganisms. 
            Among the reasons for their popularity are their medical and 
economic importance, ease of isolation and cultivation, rapid generation 
time, and their ability to be genetically manipulated. 
Enterobacteriaceae are distributed worldwide. They are found in water 
and soil and as normal intestinal flora in humans and many animals. They 
livsaprophytically, as symbionts, epiphytes, and parasites. 
Their host range includes animals ranging from insects to humans, as 
well as fruits, vegetables, grains, flowering plants, and trees.  
 
14.1: Economic and Medical Importance: 
            As stated above, one of the reasons that the enterobacteriaceae 
have been so widely studied is due to their obvious impact on human and 
animal health and on agricultural practice. The enterobacteriaceae 
include agents of food poisoning and gastroenteritis, hospital-acquired 
infections, enteric fevers (e.g. typhoid fever) and plague. They also cause 
infections in domestic, farm and zoo animals and include an important 
group of plant pathogens.  
1.4.2: Animal Pathogens:  
            Enterobacteriaceae cause diseases in all sorts of animals, ranging 
from nematodes and insects through primates. Salmonella alone has been 
associated with diseases in more than 125 species. Infections frequently 
cause problems in zoos, often in snakes and lizards. In regional primate 
centers in the United States, the most frequently diagnosed diarrheal 
diseases were caused by Enterobacteriaceae, most often by Shigella, E. 
coli and Salmonella. Klebsiella pneumoniae is a frequent cause of 
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respiratory disease in primates, and Yersinia pseudotuberculosis is 
associated with enterocolitis and peritonitis (Todar, 2005). 
             Pets and farm animals are affected by a variety of enterobacterial 
diseases. Cats and dogs are susceptible to cystitis and other urogenital 
infections caused by E. coli. Proteus species cause other diseases in cats 
and dogs, and these animals can be carriers of Salmonella. Salmonellae, 
especially S. typhimurium, S. newport, and S.anatum, cause enteritis with 
high fatality and septic abortion in horses, and K.pneumoniae causes 
metritis in mares and pneumonia in foals (Todar, 2005). 
           Septicemia caused by E. coli is an important cause of death in 
chickens. Serotypes of Salmonella enterica are pathogenic and highly 
fatal for turkeys and other poultry, causing a characteristic diarrheal 
syndrome. Pullorum disease, caused by Salmonella pullorum, is highly 
fatal to eggs and chicks. Fowl typhoid, a septicemic disease of poultry, 
especially chickens, is caused by Salmonella gallinarum. Both pullorum 
disease and fowl typhoid can be largely eradicated if infected adult birds 
are slaughtered (Todar, 2005). 
             Nearly 200 Salmonella serotypes had been isolated from fowl in 
the United States. The distribution of salmonellosis in poultry is 
worldwide. As in human disease, certain serotypes are prevalent in some 
regions and absent in others. A mortality rate of 10-20% is normal in 
young birds, mostly in the first two weeks after hatching. 
            Sheep suffer from a variety of diseases caused by 
Enterobacteriaceae. Infant diarrhea in lambs, is usually caused by strains 
of E. coli producing a heat-stable enterotoxin. Most of these strains also 
contain the K-99 fimbrial adhesin. Salmonella abortion is usually caused 
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by Salmonella abortus ovis, S. typhimurium, or S. dublin, which also 
cause stillbirths and wool damage (Todar, 2005). 
            Calves are susceptible to both systemic colibacillosis and neonatal 
diarrhea (calf scours), which are usually fatal if not promptly treated. 
Specific heat-stable enterotoxigenic E. coli serotypes containing K99 
fimbrial adhesin are the causative agents. Bovine mastitis has become a 
very prevalent disease since the advent of antibiotics. The most prevalent 
causative agents are E. coli and Serratia species, and less often, 
Klebsiella species and Citrobacter freundii. Salmonellosis is frequent in 
cattle. Most cases are due to Salmonella dublin and S. typhimurium, 
although more than 100 serotypes have been isolated.  With other animal 
infections, Salmonella is frequently introduced through contaminated 
feed (Todar, 2005). 
              Swine are subject to infection with several species of 
Enterobacteriaceae. Escherichia coli infection may present as diarrhea in 
piglets, or as edema preceded by mild diarrhea. Both forms are acute and 
highly fatal. As in sheep and cows, the causative strains produce a heat-
stable enterotoxin, but they may also produce a heat-labile enterotoxin. 
Swine strains usually possess a K88 fimbrial adhesin, which is 
antigenically distict from K99. Sows are susceptible to mastitis and 
metritis caused by K. pneumoniae, and to enteritis and lymphadenitis 
caused by Yersinia enterocolitica. More than 100 Salmonella serotypes 
have been isolated from pigs. However, only two serotypes, Salmonella 
choleraesuis and Salmonella typhisuis, have pigs as their primary host. 
Salmonella choleraesuis has a wide host range, including humans, but 
Salmonella typhisuis is rarely pathogenic to animals other than pigs. 
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Salmonella typhimurium and Salmonella derby are also frequently 
isolated from porcine salmonellosis (Todar, 2005). 
             Substantial losses in fishing industries are caused by 
enterobacterial diseases. Yersinia ruckeri is the cause of outbreaks of red 
mouth disease in salmon and trout hatcheries. Edwardsiella tarda is 
pathogenic for eels, catfish, and goldfish, and Edwardsiella ictaluri is 
pathogenic for catfish (Todar, 2005). 
              The host range for species of Enterobacteriaceae varies greatly. 
For example Proteus myxofaciens has been isolated only from larvae of 
gypsy moths and Escherichia blattae has been isolated only from the 
hindgut of cockroaches. Shigellae are seen only in primates. Others, 
including Escherichia coli, many salmonellae, and yersiniae, infect or are 
carried by hosts ranging from insects to humans (Todar, 2005). 
1.4.3: Human Pathogens : 
               Enterobacteriaceae as a group were originally divided into 
pathogens and nonpathogens based on their ability to cause diarrheal 
disease of humans. The pathogenic genera were Salmonella and Shigella. 
However, it is now known that  Escherichia coli causes at least five types 
of gastrointestinal disease in humans. 
              Pathogenicity in  Escherichia coli strains is due to the presence 
of one or more virulence factors, including invasiveness factors 
(invasins), heat-labile and heat-stable enterotoxins, verotoxins, and 
colonization factors or adhesions. Pathogenic strains are usually 
identified by detection of a specific virulence factor or of a serotype 
associated with a virulence factor. The most recently identified 
Escherichia coli disease is hemorrhagic colitis caused by strains of 
serotype 0157:H7. The disease, characterized by painful abdominal 
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cramping and bloody diarrhea, is caused by strains that produce 
verotoxin, and the same strains are associated with hemolytic uremic 
syndrome (HUS). 
               Yersinia enterocolitica causes diarrhea, probably by a 
combination of invasiveness and the presence of a heat-stable 
enterotoxin. Strains of Klebsiella pneumoniae and Enterobacter cloacae 
isolated from patients with tropical sprue contained a heat-stable 
enterotoxin.              
 Edwardsiella tarda and Citrobacter strains are occasionally associated 
with diarrhea and have been shown to produce heat-stable or heatlabile 
enterotoxin (Todar, 2005). 
             Foodborne and waterborne diseases outbreaks in the U.S. are 
frequently associated with Enterobacteriaceae. According to the Centers 
for Disease Control (CDC), 40-45% of such outbreaks are caused by 
Enterobacteriaceae, the overwhelming majority is Salmonella. Meats, 
milk and milk products, and eggs are the most common vehicles of 
transmission. Such figures represent only a small fraction of total 
foodborne disease, since the etiologic agent is identified in only about 
one-third of the outbreaks, and many outbreaks are undetected or are not 
reported to the Centers for Disease Control. For Salmonella, it is 
estimated that each reported case represents about 100 total cases. The 
largest outbreak of salmonellosis in the United States occurred in 1985 in 
Illinois and Wisconsin, where an estimated 170,000 to almost 200,000 
persons were infected with Salmonella typhimurium transmitted in 
pasteurized milk from a single dairy plant. 
               The incidence and recognition of rheumatoid disease occurring 
secondary to foodborne and waterborne diarrheal disease has been also 
 14
increased. These diseases include reactive arthritis, Reiter's syndrome, 
ankylosing spondylitis, septic and aseptic arthritis, ulcerative colitis, 
Crohn's disease, and Whipple's disease. Yersinia enterocolitica, Yersinia 
pseudotuberculosis, Shigella flexneri, Shigella dysenteriae, various 
salmonellae, Escherichia coli, and Klebsiella pneumoniae have been 
associated with these chronic conditions. 
            Waterborne diseases outbreaks due to Enterobacteriaceae are 
usually due to contaminated wells. Cases of shigellosis due to 
contaminated wells have been reported; even typhoid fever has occurred 
fairly recently in community water systems contaminated with human 
sewage. 
                 Enterobacteriaceae while are not normally associated with the 
GI tract or diarrheal disease may still be pathogenic for humans. Most, 
notably, Yersinia pestis, which does not have an intestinal habitat, is the 
etiologic agent of plague, a highly fatal disease that has dessimated whole 
populations of individuals at several times in the history of civilization. 
Furthermore, most, if not all, Enterobacteriaceae are opportunistic 
pathogens. 
            Once established, they can cause a variety of infections, including 
urinary tract disease, pneumonia, septicemia, meningitis, and wound 
infection. 
                 According to the CDC, Enterobacteriaceae are responsible for 
40-50% of nosocomial infections occurring in the United States. E. coli is 
the worst offender, followed by Klebsiella, Proteus- Providencia-
Morganella, Serratia, and Citrobacter. The compromised host is 
particularly susceptible to nosocomial infections. Catheterized patients, 
patients on immuno-suppressants, burn patients, cancer patients, and 
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elderly patients are all especially vulnerable to opportunistic pathogens. 
To make matters worse, many of these organisms acquired in the hospital 
setting are multiply drug resistant (Todar, 2005). 
 
1.4.4: Taxonomy and Classification of Enteric Bacteria: 
                In artificial classification schemes, Sneath (1986) said, that, 
Enterobacteriaceae is a family of bacteria of Gram-negative facultatively 
anaerobic rods. 
Because of the large number and broad range of phenotypic properties 
that solidify the group, these traits being a reflection of their genetic 
relatedness, these bacteria have remained unified in modern phylogenetic 
schemes based on 16S ribosomal RNA comparison. Thus, Citrobacter, 
Edwardsiella, Enterobacter, Erwinia, Escherichia, Klebsiella, Proteus, 
Providencia, Salmonella, Serratia, Shigella, and Yersinia (along with 
several other genera, including Hafnia, Morganella, Photorhabdus,and 
Xenorhabdus) are presently classified in the subclass Gammaproteo -
bacteria, order Enterobacteriales, family Enterobacteriaceae (Garrity, 
2001). 
              The classic definition of an enteric bacterium is one that is found 
in the intestinal tract of warm-blooded animals in health and disease, but 
bacteriologists reserve the term for reference to E. coli and its relatives, 
even though some of the relatives of E. coli rarely or never are found 
growing in the GI tract. 
           But in the end, this is one of the most close-related and cohesive 
groups of bacteria that can be brought together for discussion (Todar,  
2005). 
 
 
 
 16
 
1.4.5: Epidemiology: 
          Enterobacteria exist in very large numbers in the small and large 
intestine of humans and animals. Hospital environments usually have 
resident Enterobacteria that are resistant to multiple antibiotics and many 
have strong virulence capabilities. These strains colonize patients readily 
and are transmitted between patients in the same hospital or between 
hospitals locally, nationally and internationally (Irving et al. , 2005).   
              Most infections are due to K. pneumonia ssp. UTI, HAI, 
pneumonia, septicemia, meningitis (in neonates), chronic URTI, UTI, 
urinary tract infection; GE, gastroenteritis; HAI, hospital acquired 
infection, or nosocomial infection (this includes avariety of different 
clinical syndromes, such as UTI, septicemia, ventilation-associated 
pneumonia, wound infection and many others); URTI, upper respiratory 
tract infection (Irving et al. , 2005).   
1.4.6: Clinical infections:  
                Enterobacteria cause a wide range of clinical conditions. 
Common ones include urinary tract infection, septicemia, gastroenteritis 
and hospital-acquired infections (Irving et al. , 2005).   
 
1.4.7: Laboratory diagnosis: 
               Appropriate specimens are processed in the laboratory where 
Gram stain, colonial morphology, serology and biochemical reactions 
will  be used to identify the organism to the species level, dependent on 
the seriousness of the condition and the clinical value of the information. 
Bacteria will be tested for their susceptibility to a range of antibiotics. 
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              Antibiotic choices depend on sensitivity of the isolate. 
Commonly used agents include amoxicillin, cephalosporins, gentamicin 
and ciprofloxacin. Hospital-resident Enterobacteriaceae can accumulate 
resistance against many of these antibiotics (Irving et al. , 2005).   
 
1.4.8: Pathogenesis: 
             Most Enterobacteriaceae members are gut commensals present 
in very large numbers (billions per gram of feces). They may play useful 
roles in excluding (by competition) other invading pathogens. However, 
given the opportunity (e.g. in immunocompromised individuals), they 
can invade and cause disease. Some are more pathogenic than others, e.g. 
Salmonella typhi, Shigella dysenteriae and Yersinia pestis (Irving et al. , 
2005).   
             They all possess virulent factors that help the organisms to 
survive and overcome host immune defenses. These factors include the 
presence of a capsule, endotoxin, motility elements, numerous exotoxins 
and surface molecules that directly interact with host molecules (Irving et 
al. , 2005).   
             The genomes of many of the medically important 
Enterobacteriaceae have been recently sequenced. 
               Detailed analysis reveals a wide range of previously unknown 
virulence capabilities for many of these organisms. Many of the virulence 
and antibiotic resistance genes can move horizontally between different 
members of Enterobacteriaceae. Genes move individually, in small 
groups or in very large numbers (genomic pathogenicity islands).               
Bacterial viruses (phages) and plasmids may act as vectors between 
strains of the same species or sometimes between species or even genera. 
 18
These, coupled with the ability of bacteria to mutate frequently and 
regulate expression of virulence genes, add to the pathogenicity of 
Enterobacteriaceae (Irving et al. , 2005).   
1.4.9: Prevention and control: 
             Generally, keeping good personal and food hygiene protects 
against infections such as urinary tract infection and food poisoning. 
1.4.10: Good hospital hygiene : 
             Is important and patients with multi resistant bacteria are usually 
separated from high-risk patients (e.g. those with open wounds). 
Precautions are taken to prevent the spread of infection between patients. 
Strict measures may be required to control infection outbreaks within the 
hospital .Vaccines are a vailable against some members of Entero- 
bacteriaceae, such as Salmonella typhi and Yersinia pesti, Klebsiella, 
Enterobacter.                                                                                                                              
              Opportunists, frequently resistant to antibiotics Nosocomial 
infections (Irving et al. , 2005).   
1.5: Klebsiella :  
                We all have millions of bacteria in our gastrointestinal tracts, 
primarily in the colon (or” large” bowel). 
               Bacteria are important for normal bowel health and function. 
Klebsiella is the genus name for one of these bacteria found in the 
respiratory, intestinal, and urinogenital tracts of animal and man. When 
Klebsiella get outside of the gut, however, serious infection can occur. 
Klebsiella pneumoniae is second to Escherichia coli as a urinary tract 
pathogen. Klebsiella infections are encountered far more ofen now than 
in the past (Eickhoff, 1972). 
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1.5.1:Klebsiella species: 
K. aerogenes   
K. pneumoniae 
K. ozaenae 
K. rhinoscleromatis  
 
1.5.2:General charachteristics: 
             Klebsiella is Gram-negative rod ; non-motile, aerobic and 
facultatively   anaerobic, catalase-positive, oxidase-negative attack sugars 
fermentatively, usually with the production of gas, indol-negative, do not 
produce H2S , KCN-and VP-positive (important exception), ornithine 
decarboxylase not produced , Urea generally hydrolysed, phenylalanine-
negative, product mucoid  pink colonies on MacConkey agar , yellow 
mucoid colonies on CED medium and large grey-white mucoid colonies 
on Blood agar . K.rhinoscleromatis is non-lactose fermenting and 
K.oxytoca is indol-positive (Cowan,S.T, 2003). 
     Antimicrobial sensitivity Klebsiella often produce beta-lactamases 
and are resistant to ampicillin. Cephalosporins and aminoglycosides are 
used to treat Klebsiella infections. Some Klebsiella strains show multiple 
drug resistance (Cowan,S.T, 2003). 
1.5.3: K.aerogenes : 
            Is associated with hospital-acquierd infections of wounds and of 
the urinary tract. It is also found in the respiratory tract where it may 
cause infection, particularly in immunocompromised patients 
(Cowan,S.T, 2003).  
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1.6: Enterobacter :  
         Enterobacter organisms can be found in the intestinal tract of 
humans and animals, and in soil, sewage water and dairy products. They 
are opportunistic pathogens, associated with urinary infections, and 
septicaemia, especially in persons already in poor health. 
 
1.6.1: Enterobacter species : 
E.aerogenes  
E.cloacae  
E.gergoviae 
E.asburiae 
E.intermedius 
E.hormaechei 
E.cancerogenus 
E.sakazkii 
E.agglomeran (new genus pantoea agglomerans) 
 
1.6.2: General characteristics: 
            Gram negative rods, peritrichous flagella, motile, aerobic and 
facultative anaerobic, catalase-positive, oxidas-negative, attack sugars 
fermentatively, gas is produced, some VP-positive, gluconate-positive, 
some liquefied gelatin and produce ornithine decarboxylase. (Cowan, 
2003). 
 
1.6.3: Enterobacter aerogense: 
             Cause urinary tract infection, gastroenteritis, hospital acquired 
infection, or nosocomial infection (this includes a variety of different 
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clinical syndromes, such as septicemia, ventilation-associated 
pneumonia, wound infection and many others); an upper respiratory tract 
infections (Monica, 2000).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 22
 
 
 
 
 
 
CHPTER TWO  
MATERIALS AND METHODS 
 
 
 
 
 
 
 
 
                                     
                                  
 
 23
                                           CHPTER TWO  
                      2- MATERIALS AND METHODS 
Study area:  
      This study was conducted at a Slaughter house which is located in 
Alkhartoum state . 
2: Source of samples: 
             60 samples of mutton were collected from Alkadro Slaughter 
house.  
2.1: Collection of samples: 
            To perform the quantitative analysis of Eenterobacteria in mutton, 
the meat samples were collected from the neck of the sheep carcass in 
sterile containers. This is done by placing a sterile rectangular plate with 
empty space of 4×3 Cm. Samples were dissected carefully using a sterile 
scalpel .  The size of the sample was 12Cm2 per carcass. 
2.2: Transportation of collected Samples: 
        Collected  samples were transferred to the laboratory on ice thermos 
container with sufficient speed to avoid unnecessary delay and /or 
contamination prior to microbiological examination. 
2.3: Diluent: 
2.3.1: Normal saline: 
              An amount of 0.85g of sodium chloride was added to 100 ml 
distilled water, mixed, dissolved, and sterilized by autoclaving at 121°C 
for 15 minutes (Cruickshank et al,1975). 
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2.4: Preparation of the samples : 
              At the laboratory each sample was washed in 10 ml of sterile 
normal saline in sterile flask .One ml of the meat homogenate was 
serially diluted in normal saline(1 in 9) for viable Eenterobacteria .  
2.5: Aerobic count at 37°C: 
           Viable count of enterobacteria was determined .Normal saline was 
used as diluent to prepare ten-fold dilutions.  
            MacConkey’s agar plates were dried in the incubator for adequate 
time to prevent a drop of fluid from running over the surface of the plate. 
A drop of each dilution was deposited by calibrated dropping pipette on 
the surface of the dried MacConkey’s agar media in duplicating manner.  
The volume of the drop was 0.1 ml and allowed to fall from a height of 
2.5 cm onto the surface of the medium, where it was spreaded over an 
area of about 1.5-2.0 cm diameter, then the plates were incubated at 37°C 
for 24 hours. The colonies were counted in the duplicate dilution on 
MacConkey’s agar, then the average number of colonies was calculated 
and multiplied by dilution factor to give the number of colonies forming 
unit per Cm2 for Enterobacteria  according to Miles and Misra (1938). 
            Ither the number of colonies was calculated and multiplied by 
farmilaae factor (2.2) to give the number of colonies  forming unit per 
Cm2  for Enterobacteria  .    
                  For isolation of Enterobacteria  drop of meat homogenate was 
deposited onto the surface of MacConkey’s agar and then incubated at 
37°C for 24 hours.  
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              The culture was then purified by sub-culturing, in nutrient agar. 
The purified cultures were examined for general morphology of the 
colonies,  the color and the size of the colonies.  
2.6: Subcultures: 
             Subcultures for all samples were made on Petri-dishes using 
nutrient agar (oxoid) by streaking with wire loop. Dishes were incubated 
at 37°C for 24 hours, and then isolated colonies were subjected to 
different biochemical tests to determine the genus and species of each 
isolates. 
2.7: Gram staining and microscopy : 
              Gram’s stain was used to study morphology, shape and gram 
staining reaction of each isolate. 
Sterile loop was used to prepare emulsion from a single colony on a clean 
slide .  
              The smear was made and allowed to dry in air and then fixed by 
passing the slide over the flame. The slide was placed on a rack and 
flooded with crystal violet stain for two minutes, then washed with water 
and covered with Lugois iodine for one minute, rinsed with water. 
             The smear was  decolourized by acetone or 70% alcohol. The 
slide was counter stained with diluted carbol  fouchsin for one minute, 
rinsed by water and allowed to dry in air or dried by blotting with filter 
paper.  
             The slide was examined by microscope under (100x) 
magnification using oil immersion lens.  
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               Bacteria which considered as Gram-positive took the violet 
colour, while those considered as Gram –negative took red colour 
(Cowan,2003). 
2.8: Laboratory Techniques:  
2.8.1: Method of Sterilization: 
2.8.2: Dry heat: 
2.8.3: hot air oven:  
            Hot air oven was used for sterilization of clean glassware, such as 
bottles, flasks, test tubes, petri-dishes and instruments were sterilized  at 
160°C  for 1 hour .(Stainer, et.al,1986) 
2.8.4: Red heat: 
            Red heat was used for sterilization of wire loops, straight wires 
and points of tissue forceps. It was done by holding the object as near as 
possible to the flame until it became red hot. ( Cruickshank et al.,1975). 
2.8.5: Flaming: 
           Flaming was used for tubes and glass slides. It was done by 
exposing the object to the direct flame for about half to one sec. 
2.8.6: Moist heat : 
2.8.7: Autoclaving: 
         This technique was used for sterilization of media, solutions, plastic 
wares such as rubber stoppers which couldn’t with-stand the dry heat.            
Adjusted  temperature at 121°C for 15 minutes, under pressure of 15 
pound (Barrow and Feltham, 2003).   
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 2.8.8:Momentary autoclaving : 
              This technique was used for sterilization of sugar solutions, the 
temperature was turn off as soon as it reached 115°C. The valve of the 
autoclave were opened when temperature reached 100°C and the media 
released when the temperature was 90 to 80°C ( Barrow and 
Feltham,2003). 
2.8.9: Aseptses of media preparation room: 
            For aseptic preparation of media and pouring onto plates, 
phenolic disinfectant and absolute alcohol were used for disinfecting 
floor and benches of media preparation room and were also irradiated by 
ultra-violet light for complete sterilization. 
2.9: Cultural Media:  
2.9.1:Solid media: 
2.9.1.1:MacConkey,s agar, (OXOID,CM7) 
               The MacConkey’s agar medium was prepared as described by 
manufacturer which consist of 20g peptone,10g lactose, 5g bile salts, 5g 
sodium chloride and .075g neutral red . 
          Fifty-two grams of dehydrated medium (Oxoid ) were dissolved in 
one litre of distilled water, boiled to dissolve the ingredients. The pH was 
adjusted to 7.4 , the medium was then sterilized by autoclaving at 121°C 
for 15 minutes, then poured into sterile Petri-dishes in an amount of 5ml.  
2.9.1.2: Nutrient agar,(OXOID,CM3): 
              Dehydrated nutrient agar (Oxoid ) was prepared according to the 
manufacturer. Twenty-eight grams of the medium, which consist of beef 
extract, peptone, sodium chloride and agar were dissolved in one litre of 
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distilled water. The rehydrated medium was boiled to dissolve 
ingredients and the pH was adjusted to 7.4, then the medium was 
sterilized at 121°C for 15 minutes. The medium was cooled to 45-50°C 
then poured into sterile Petri-dishes in an amount of 5ml.    
2.9.1.3: Urea agar base,(OXOID,CM53): 
            This medium was purchased from Oxoid. The medium consists of 
1g peptone, 1g dextrose, 5g sodium chloride, 1.2g disodium phosphate, 
0.8g potassium dihydrogen phosphate, 0.012gram phenol red and 15g 
agar No.3. 
             2.4g of the medium were dissolved in 95ml of distilled water, 
boiled to dissolve the ingredients, sterilized by autoclaving at115°C for 
20 minutes, and then cooled to 50°C. Five ml of sterile 40% urea solution 
were added. The medium was distributed into sterile bottles in 10 ml 
amounts, and allowed to stand in slope position.  
2.9.1.4: Simmon’s citrate agar (OXOID,CM155):  
                 The medium was prepared as described by Oxoid manual. 
Dehydrated medium 23g were dissolved by heating in one litre of D.W 
and sterilized by autoclaving at 115°C for 15 minutes. The sterilized 
melted medium was then poured in 10 ml amounts in MacCarteny bottles 
aseptically and allowed to settle in slope position. 
2.9.1.5: Nutrient gelatin: 
            This medium was obtained from Oxoid. It consists of 3g lab-
lemco powder, 5g peptone and 120g gelatin .An amount of 128g was 
suspended in one litre of D.W, boiled to dissolve the ingredients and the 
pH was adjusted to 6.8. The medium was poured into sterile bijou bottles 
in an amount of 5ml and sterilized by autoclaving at 115° for 15minutes. 
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2.9.2: Semi solid media:  
2.9.2.1: Motility media (OXOID):     
           This medium was prepared as described by Barrow and Feltham 
(2003). It consists of 10g peptone, 3g meat extract, 5g sodium chloride, 
4g agar and 80g gelatin. The gelatin was soaked in one litre of distilled 
water for 30 minutes, then the other ingredients were added, and heated 
to dissolve the ingredients. The medium was distributed into sterile test 
tubes 10 ml amounts then sterilized by autoclaving at 115°C for 20 
minutes.  
2.9.2.2:Hugh and Liefson’s (O /F ) medium: 
          This medium was prepared as described by Barrow and Feltham 
(2003). Two grams of peptone, 5g of sodium chloride, 0.3g potassium 
hydrogen phosphate (k2HPO4) and 3g agar were dissolved in one litre of 
distilled water by heating in water bath at 55°C. The pH was adjusted to 
7.1, and the medium was filtered. Then 15ml of 0.2% agueous solution of 
bromethylmol blue was added as indictor.  
          The medium was sterilized by autoclaving at 115°C for 20 
minutes. Sterile glucose solution was added aseptically to give final 
concentration of 1%. Then the medium was mixed and distributed 
aseptically in 10ml amounts into sterile test tubes.  
2.9.3:Liguid media: 
2.9.3.1: Peptone water sugar: 
              Peptone water sugar was prepared according to Barrow and 
Feltham (2003) Nine hundreds ml of peptone water were used in 
preparation of this medium. The pH was adjusted to7.1-7.3, then 10ml of 
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Andrade’s indicator was added The solution of sugar used for test was 
prepared by dissolving 10g of sugar in 90ml DW. The specific sugar was 
added to the mixture of peptone water plus indicator, mixed thoroughly, 
distributed into sterile test tubes in an amount of 5ml containing 
Durham’s tube then sterilized by autoclaving at 115°C  for 10 minutes. 
2.9.3.2: Methyl red and Voges Proskauer media: 
               The ingredients of this medium were 5g peptone, 5g di-
potassium hydrogen phosphate, 1000 ml DW, and 5g glucose. Peptone 
and phosphate were added to DW and steamed to dissolve Then filtered 
and the pH was adjusted to 7.5 and sterilized by autoclaving at 115°C . 
Sterile glucose was added mixed and dispensed in 10 ml amounts.  
2.10: Reagents: 
2.10.1:Hydrogen peroxide:  
               Hydrogen peroxide 30 percent by British Drug House, London, 
was diluted to prepare hydrogen peroxide solution for catalase test.  
2.10.2: Oxidase test reagent: 
             This reagent was manufactured by British Drug House, London. 
It was prepared as fresh solution. To one percent tetramethyl-p-phenylene 
diamine aqueous solution, one percent ascorbic acid was added. Filter 
paper of 50 × 50  mm  was impregnated in the above reagent and dried at 
50°C . 
2.10.3: Methyl red :     
             Methyl red used was a product of Hopkin and William and was 
prepared as five percent solution for the use in methyl red test. 
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2.10.4.Kovac’s reagent:  
              It was composed of 5g p-dimethyl amino-benza aldehyde, 75 ml 
amyl alcohol and 25ml concentrated hydrochlorid acid. The aldehyde 
was dissolved in alcohol by gentle warming in a water bath (50-55°C). It 
was cooled and then the acid was added with care. The reagent was 
protected from light and stored at 4 °C for indole test. 
2.10.5:Lead acetate: 
             Test papers for hydrogen sulphide  were prepared from a filter 
paper cut into strips of 5-10 mm wide and 50-60 long and impregnated in 
hot saturated lead acetate solution,  dried at 50-60°C and stored in screw 
–caped containers.    
2.11:Cultural methods : 
2.11.1:Motility test :  
               The motility medium was prepared as described above and was 
inoculated by straight loop with the test culture to a depth of about 5ml 
and then incubate at 37°C for 24 hours. 
             Motile organism migrated through the medium, which became 
turbid. Growth of non motile organism was confined to the stab of 
inoculation. 
2.11.2:Biochemical test:  
            The purified isolates were identified by applying biochemical 
tests as described by Barrows and Feltham (2003).  
2.11.3:Catalase test: 
              A drop of 3% aqueous solution of hydrogen peroxide was placed 
on clean slide. A colony of test culture, on nutrient agar , was placed on 
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the hydrogen peroxide. The test was considered positive when gas 
bubbles appeared on the surface of the culture. 
2.11.4:Oxidase test: 
             Pieces of filter paper were soaked in freshly prepared 1% 
solution of tetra methyl-p-phenylene diamine dihydrochloride. After 
draining for 30 seconds, the papers were dried in the oven and stored in 
dark screw–capped bottles. The test was performed by placing the soaked 
dried filter paper strip on a clean petri-dish and then moistened with DW. 
A small amount of fresh test culture was smeared on moistened strip. 
When deep purple colour developed within 5-10 seconds, the reaction 
was considered positive. 
2.11.5:Sugars fermentation test: 
             The peptone water sugar was prepared as described above and 
was inoculated with test culture, the tube was incubated examined daily.       
Reddish colour indicated acid production, where as gas production was 
indicated by developing of an empty space in the Durham’s tube.  
2.11.6:The oxidation fermentation test: 
               Two test tubes of Hugh and Leifson’s medium  were prepared 
as described above, and inoculated with test culture. One tube was 
covered with a layer of sterile soft paraffin to a depth of  about 1-2 cm. 
The two tubes were then incubated at 37°C and examined daily for up 
to14 days. The organism was considered oxidative when acid production 
was noticed in the open tube only and when the acid was produced in 
both tubes, the organism was considered fermentive . 
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2.11.7:Indole test :  
               Peptone water medium was inoculated with test culture and 
incubated at 37°C for 48 h. One ml of Kovac’s reagent was run down the 
side of the tube. When a pink ring appeared on the reagent layer within a 
minute, the test was considered positive. 
2.11.8:Voges –proskauer (v.p) test: 
                Glucose phosphate medium, prepared as described before was 
inoculated with the organism under test and incubated at 37°C for 48 h, 
then 1ml of 5% alcoholic solution of alphanaphthol and 0.2ml of 
40%potassium hydroxide (KOH) were added. The mixture was shaken, 
placed in slope position, examined after 15 minutes and one hour. 
                A positive reaction was indicated by bright pink colour as 
result of production of acety methyl carbinol (Acetione) 
2.11.9:Methyl red test:  
                Ten ml of glucose phosphate broth were inoculated with a pure 
culture of the organism in question. The inoculated broth was incubated 
at 37°C for 48 h or at 30C for 72 h.  A few drops of 0.04% methyl red 
solution were then added. When red colour appeared , the reaction was 
considered positive and when yellow colour appeared, the reaction was 
considered negative. 
2.11.10:Hydrogen sulphide production:  
                 The test culture was inoculated in peptone water medium and 
filter paper impregnated with 10% lead acetate solution was placed in the 
neck of the tube and incubated at37°C, and examined daily for 7days. 
Blackening of the paper indicated a positive reaction.  
 34
 
2.11.11:Urease activity:  
              The test organism was streaked on urea agar base slope prepared 
as described before and incubated at 37°C for two days. A positive 
reaction was indicated by change of colour to pink. 
2.11.12:Gelatin hydrolysis or liquefaction:    
              The test organism was stabbed in nutrient gelatin prepared as 
described before, incubated at 37°C for up to two weeks, and every 2-
3days it was placed in a refrigerator for  two hours. A positive result was 
indicated by liquefaction of gelatin 
2.11.13:Citrate utilization test: 
                Simmon’s citrate medium, prepared as described before, was 
used either as slopes in test tubes or as a plate medium in Petri-dishes. In 
both cases the surface of the medium was lightly inoculated by streaking 
and when slopes were used, the butt of medium was inoculated by 
stabbing. The inoculated medium was incubated for 48 hours at 37°C.      
Positive growth produced an alkaline reaction and change the colours of 
the medium from green to bright blue which indicated citrate utilization , 
whilst in a negative test the colour of the medium remains unchanged 
which indicated the citrate was not utilized.    
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CHAPTER THREE 
RESULTS  
              
                Viable Enterobacteria counts in samples of mutton ranged 
between 8.3 ×10CFU/Cm2 to 3.7×104 CFU/Cm2 and farmilaae method 
ranged between 3.7 CFU/Cm2 to 4.3×103CFUCm2   (Table 1).    
 Table No(1):The viable counts of Enterobacteria in mutton : 
Sample 
No. 
Enterobacteria viable count. 
C.F.U/Cm2 (Av) 
Enterobacteria viable count. 
C.F.U/Cm2 (Av) Farmilaae 
1 2.5×102 1.1×104 1.7×103 
2 5.2×103 3.7×104 4.3×103 
3 No growth No growth  0 
4 No growth No growth 0 
5 1.3×104 2.3×103 7.1×103 
6 No growth No growth 0 
7 No growth No growth 0 
8 No growth No growth 0 
9 No growth No growth 0 
10 No growth No growth 0 
11 No growth No growth 0 
12 No growth No growth 0 
13 8.3×10   No growth 3.7 
14 1.6×103 No growth 8.8×10 
15 No growth No growth 0 
16 No growth No growth 0 
17 No growth No growth 0 
18 4.8×103 1.6×103 2.2×102 
19 1.6×103 8.3×103 1.1×10³ 
20 No growth No growth 0 
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21 2.5×102 No growth 1.1×10 
22 2.5×103 8.3×102 1.3×103 
23 1.6×103 8.3×103 1.2×103 
24 2.5×102 8.3×102 1.5×103 
25 1.6×103 1.6×104 1.5×103 
26 4.2×103 8.3×103 2.2×103 
27 2.5×102 8.3×102 1.5×102 
28 8.3×10 No growth 3.7 
29 7.5×102 2.5×103 4.4×102 
30 4.2×102 2.5×103 2.9×102 
31 8.3×103 2.1×104 4.2×103 
32 6.7×103 1.6×104 3.4×103 
33 1.7×102 No growth 7.3 
34 1.7×102 No growth 7.3 
35 4.2×102 8.3×102 2×102 
36 1.7×102 No growth 7.3 
37 3.3×102 8.3×102 1.8×102 
38 7.5×102 1.7×103 3.7×102 
39 8.3×103 8.3×103 3.8×103 
40 No growth No growth 0 
41 5×102 8.3×102 2.4×102 
42 No growth No growth 0 
43 8.3×10 No growth 0.3×10 
44 6.6×102 No growth 2.9×10 
45 8.3×10 No growth 0.3×10 
46 1.1×103 2.5×103 5.8×102 
47 2.5×103 No growth 9.1×10 
48 5.8×102 2.5×103 3.6×102 
49 8.3×102 8.3×102 4×102 
50 1.7×103 8.3×103 1.1×103 
51 1.1×103 8.3×102 6.1×103 
52 No growth No growth 0 
53 8.3×10 No growth 3.6 
54 No growth No growth 0 
55 No growth No growth 0 
56 1.7×102 No growth 7.3 
57 4.2×102 No growth 1.8×10 
58 5×102 8.3×102 2.6×102 
59 8.3×10 No growth 3.6 
60 2.5×103 2.5×103 1.3×103 
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       Ten (16.6%) samples from the total samples were isolated and 
identified based on their morphology and biochemical characters. 
Bacterial isolates were Klebsiella aerogenes whitch was found in 
8(13.3%) samples and Enterobacter  aerogenes  confirmed in 2(3.3%) 
samples (Table 2) and fig(1) . 
Table No; (2) Characterization of Enterobacteria isolated 
from mutton samples . 
 
 
Table (2):Contd 
 
                              Test 
Bacteria 
Gluconate Malunate Selenit
e 
H2S H2S 
fromTSI 
Adointol
Enterobacter aerogenes + + + _ _ + 
Klebsiella aerogenes + + + _ _ + 
 
 
Table (2):Contd 
 
 
 
 
 
 
 
 
                   Test 
Bacteria 
 
Motility 
 
Ctrate
 
Urease
 
Glatin hydrolsis 
 
Oxidase 
 
catalse
Enterobacter aerogenes + + _ _ _ + 
Klebsiella aerogenes _ + + _ _ +
                    Test 
Bacteria 
Arabinose Dulicitol Glycerol Inositol lactose Maltose
Enterobacter aerogenes + _ + + + + 
Klebsiella aerogenes + _ + + + + 
 39
 
 
Table(2):Contd                                                                             
                                       
 
                           Tests 
Bacteria 
VP MR Manitol Raffinose Rhamnose Salicin 
Enterobacter aerogens _ _ + + + +
Klebsiella aerogens _ _ + + + + 
 
Table (2):Contd                                                                            
                                            
                              Tests 
   Bacteria 
Sorbitol Sucrose Xylose Starch Indol 
 
Enterobacter aerogens + + + _ _ 
Klebsiella aerogens + + + _ _ 
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3.3%
13.3%
 
 
 
Fig(1): showing the percentage of Klebsiella aerogenes and 
Enterobacter aerogenes isolated from mutton  samples. 
 
 
 
Klebsiella   aerogenes 13.3% 
Enterobacter aerogenes 3.3% 
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CHAPTER FOUR 
DISCUSSION 
             Mutton meat is an important source of protein and a valuable 
commodity in Sudan. 
            New problems of food borne zoonotic diseases are arising in 
conjunction with the development of different types of food of animal 
origin. There are numbers of factors responsible for the spread of 
zoonotic diseases such as pathogenesis related to contaminated food of 
animal origin. The present study proved that some of the slaughter houses 
do not operate in a safe and sanitized environment by using  
contaminated knives and dirty hands in the preparation of meat.  
             Further more, the covering of hanging carcasses is rarely 
observed. This enhanced the chances of cross contamination of 
uninfected carcass if any prior carcass happens to be infected. The 
processing of severing carcass surface into parts further spreads 
contamination by exposing more carcass surfaces and susceptible fleshy 
parts to the contaminants if the same cutting blocks and knives used 
(Satin, 2002). 
             It is noticed that the count using average method is usually 
greater than the farmilaae method ,this might be more accurate. 
             Enterobacteria viable  count was found to be high because the 
workers do not use the  appropriate and recommended  procedure when  
opening the carcasses and removing the intestine . This will lead to 
contamination of the carcass by the contents of the intestine. Also the  
high temperature of the Slaughter house allows the bacteria to grow more 
rapidly. 
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High Enterobacteria count of the samples is an indication of possible 
contamination from enteric sources (Brown and Baird-Parker, 1982).   
                 This study demonstrated that mutton has the highest 
contamination load according to the viable count of Enterobacteria which 
ranged between 8.3 × 10CFU/Cm2 to 3.7× 104 CFU/Cm2 and the 
presence of pathogenic bacteria like Klebsiella aerogens (13.3%) and 
Enterobacter erogens  (3.3%). A finding substantiated by the  studies of 
(Raji,  2006 ) who determined  bacteriological quality of  beef  obtained 
from three selling points in Ilorin such , the Enterobacteria count, was 
found to be  2.9 X 104 CFU/g; and Klebsiella species were isolated . 
Tayakoli and  Riazipour.(2008)  found coliform counts in grilled  meat to 
be  1.98 × 102 CFU/g .  
              Also Saikia and Joshi. (2010) isolated Enterobacter erogens 
(100%) and Klebsiella pneumoniae (98%) and total Enterobacteria count 
ranged from 2.0×104 to1.6×105 from chicken raw meat.   
                 Our result is similar to Newton, et al. (1977 ) who tested 
coliform on hide and meat. Similar bacteria isolated by in different 
percent. 
They found Klebsiella pneumoniae (21.5%) and Enterobacter aerogenes 
(15%), also Brahmbhatt and  Anjaria (1993) isolated similar bacteria 
from meat obtained from shops.They isolated  Enterobacter aerogenes, , 
and  Klebsiella poneumoniae . Messaoudi et al (2009) isolated 
Enterobacter aerogenes , Klebsiella pneumoniae  from chicken, turkey-
hen, beef, sheep, pig, dromedary, ostrich, and fish. 
 
             This study disagrees with that of Twfeek et al, (1989) who 
isolated Shigella and salmonella from cured meat in Jeddah market. 
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Dalinger and Kenneby (1980) isolated E coli from frankfurters, turkey 
roast, beef roast, basterma and meat loaves in Florida . Bryan  et al ( 1968 
) isolated Salmonella from (26.8%) uncooked turkey rolls . 
           Also Fatima (1982), isolated salmonella spp and E coli from 
processed meat. Brahmbhatt and  Anjaria (1993) isolated bacteria from 
meat obtained from shops. They isolated E.coli, proteus mirabiliss and  
proteus vulgaris . 
            Messaoudi et al (2009) isolated Klebsiella oxytoca, Klebsiella 
ornithinolytic , Enterobacter sakazakii and Enterobacter cloacaeand 
from chicken, turkey-hen, beef, sheep, pig, dromedary, ostrich, and fish. 
Very little studies were performed on mutton, that is why comparison 
with other meat became essential to compare with such results. This will 
give a clue about the bacterial load of such meats that might stimulate the 
count in mutton .  
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CHAPTER FIVE 
 RECOMMENDATIONS 
 
1. Use of modern technology and safety measures as in Hazard 
Analyses Critical Control Point (HACCP) during the processes of 
slaughter. 
2. Decontamination of carcasses by water at high contact pressure and 
temperature (< 70 °C ) with the use of a solution of 2% 
concentration Lactic Acid .   
3. Use of appropriate and recommended technology in the processes of 
slaughtering. 
4. Use of refrigerators in particular, by offering meat temperatures 
ranging between ( 2- 7°C  ). 
5. Training the meat handlers on hygienic measures and application of 
meat Legislation. 
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                                      CONCLUSION 
 
      High Enterobacteria count on mutton is an indication of 
contamination from enteric sources as workers do not use the appropriate 
and recommended technology when opening the carcasses.  
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